A B S T R A C T
Blindsight has been central to theories of phenomenal awareness; that a lesion to primary visual cortex (V1) abolishes all phenomenal awareness while unconscious visual functions can remain has led to the view that this region plays a crucial role in generating visual consciousness. However, since the early 20th century, there have been reports, many of which controversial, of phenomenal awareness in patients with V1 lesions. These reports include selective sparing of motion awareness, hemianopic completion and visual aftereffects. More recently, there have been successful attempts of inducing visual qualia with noninvasive brain stimulation. Here we critically review this evidence and discuss their implications to theoretical understanding of phenomenal awareness.
Introduction
Damage or disconnection of all or some parts of the primary visual cortex (V1) results in a region of blindness (a scotoma) in the corresponding portion of the visual field (Holmes, 1945). Nevertheless, some patients with such lesions are able to detect, localize and discriminate stimuli presented in their impaired visual field in the absence of phenomenal awareness (Pöppel et al., 1973; Weiskrantz et al., 1974) . For this phenomenon, the term "blindsight" was coined (Weiskrantz et al., 1974) to highlight the dissociation between the absence of conscious perception of items which can be detected at above-chance level. Blindsight has been influential in guiding neural models of phenomenal awareness: the finding that the surviving cortex is unable to generate qualia despite continuing to process visual information appears to suggest unique role for V1 in conscious experience (see e.g. Cowey, 2010 Cowey, , 2004 for informative reviews).
However, there have been numerous reports of patients with V1 lesions not being fully unaware of events in the blind field. One form of awareness has been described as a "feeling" of something happening in the blind field with no accompanying visual qualia; this type of awareness (which has no phenomenal content) is referred to as blindsight Type 2 (Weiskrantz, 1998). Interestingly, some patients with V1 lesion also appear to experience visual qualia in their blind field (Richards, 1973) . Such findings are of great theoretical interest, given the influential models linking V1 to phenomenal awareness (e.g. Lamme, 2003) . Here we critically review the empirical evidence of such phenomenal awareness in the absence of V1, with a special focus on individuals with blindsight.
Phenomenal awareness resulting from visually presented stimuli in the blind field
Evidence for phenomenal awareness triggered by visual stimuli in the blind field of individuals with V1 lesions has come from three separate phenomena. Firstly, there are numerous reports of residual awareness for a particular stimulus feature (mostly motion) within the blind field. Secondly, stimuli intruding both the sighted and blind field can trigger hemianopic completion, such that the blind field component of the stimulus is also phenomenally perceived. Thirdly, stimuli presented in the blind field can trigger after-images, even when the inducing stimulus is not perceived.
Riddoch syndrome
The most frequently cited (and arguably also most controversial) cases of phenomenal awareness in patients with V1 lesions involve the experience of visual motion qualia in the absence of awareness for other stimulus features. This residual ability was first described by George Riddoch who studied patients rendered blind by gunshot wounds damaging V1 (Riddoch, 1917) . This so-called Riddoch syndrome has been
